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(54) PROTON CONDUCTIVE BODY AND ELECTROCHEMICAL DEVICE 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a proton conductive body usable in a 
dry atmosphere or a high temperature area without water supply. 
SOLUTION: A carbon cluster including a functional group capable of discharging 
proton and a proton conductive body containing materia! including a part to be a 
proton receiving partor a proton conductive body containing material including a 



function group capable of discharging proton and carbon cluster including a part 
to be a proton receiving part are released. Carbon cluster having various acid 
function groups introduced inespeciaily a carbon cluster having a special 
molecule structure such as fulleren or carbon nana tube shows proton 
conductivity even under a dry condition and proton conductive rate is greatly 
improved by adding material promoting proton dissociation. 



CLAIMS 



(Claim(s)] 

[Claim 1|A proton conductor comprising; 

A carbon cluster which has a functional group which can emit a proton. 
A substance which has a part which can serve as a proton receiving part. 

[Claim 2]The proton conductor according to claim 1 wherein the above-mentioned 
carbon cluster is fullerene. 

[Claim 3]A functional group which can emit the above-mentioned proton - 
PO[ S0 3 H and -] (OH) 2- The proton conductor according to claim 1 having at 
least one sort chosen from SO2NHSO2--SO2 N H 2 and -COOH as a proton release 
part. 

[Claim 4jA functional group which can emit the above-mentioned proton is -A- 
PO[ A-SCbH and -] (OH) 2 and -A-SO2NHSO2-R 0 (R°). - CF 3 or ~CH 3 -A- 
S0 2 NH 2 and -A-COOH[however A are ORO-RR-Oor O-R-Oand R is an alkylated 
site expressed with C x H y (1 <=x<=202<=y<=40). The proton conductor according 
to claim 3 being at least one sort chosen from], 

[Claim 5|A functional group which can emit the above-mentioned proton is -A'- 
PO[ SO3H and -A-] (OH) 2 and -A-SO2NHSO2-R 0 (R°). - CF 3 or -CH3-A-SO2NH2- 
A-COOH [however A are R'O-R'and R'-OR'-0-R"and a fluoridation alkylated site 
that is either of the O-R'-O and is expressed with C x F y H 2 
(1 <=x<=201 <=y<=400<=z<=39) R' and R ". The proton conductor according to 



claim 3 being at least one sort chosen from]. 

[Claim 6]The proton conductor according to ciaim fwherein a part which can 
serve as the above-mentioned proton receiving part contains at least one sort of 
NSOand P as a composing element. 

[Claim 7] A part which can serve as the above-mentioned proton receiving part - 
0~R-CO~RR~CO-0--The proton conductor according to claim 6 being one sort 
chosen from 0-CO-0--OH-S--NH--NR-and -SiO- (howeverR expresses a 
hydrocarbon chain also in any.). 

[Claim 8]The proton conductor according to claim 1 wherein a substance which 
has a part which can serve as the above-mentioned proton receiving part is 
water. 

[Claim 9]The proton conductor according to claim 1 wherein substances which 
have a part which can serve as the above-mentioned proton receiving part are 
polymers which make polyethylene oxide a subject. 

[Claim 10]The proton conductor according to claim 1 wherein a substance which 

has a part which can serve as the above-mentioned proton receiving part is 

alcohol or its amount object of polymers more than univalent. 

[Claim 1 1JSo that ratio N2/N1 of several N 2 of a part which can serve as several 

N 1 of a functional group which can emit the above-mentioned protonand the 

above-mentioned proton receiving part may be set to 0.5-3. The proton 

conductor according to claim 1 wherein a substance which has a part which can 

serve as the above-mentioned carbon cluster and the above-mentioned proton 

receiving part is mixed. 

[Claim 12]A proton conductor comprising: 

A substance which has a functional group which can emit a proton. 

A carbon cluster which has a part which can serve as a proton receiving part. 

[Claim 1 3]The proton conductor according to claim 12wherein the above- 
mentioned carbon cluster is fullerene. 

[Claim 14]A functional group which can emit the above-mentioned proton - 



PO[ SO3H and -] (OH) 2- The proton conductor according to claim 12 having at 
least one sort chosen from SC^NHSOa-SOzN^and -COOH as a proton release 
part. 

[Ciaim 15]A functional group which can emit the above-mentioned proton is -A- 
PO[ A-SO3H and -] (OH) 2 and -A-SO2NHSO2-R 0 (R°). - CF3 or -CH 3 -A- 
S0 2 NH 2 and -A-COOH[however A are ORO-RR-Oor O-R-Oand R is an alkylated 
site expressed with C>H>< (1 <=x<=202<=y<=40). The proton conductor according 
to claim 14 being at least one sort chosen from], 

[Claim 16JA functional group which can emit the above-mentioned proton is -A'- 
PO[ SO3H and -A'-] (OH) 2 and -A-SO2NHSO2-R 0 (R°). - CF 3 or-CH3-A*-S02NH 2 - 
A'-COOH[however A' are R'O-R'and R'-OR'-O-R'^nd a fluoridation alkylated site 
that is either of the O-R'-O and is expressed with C x F y H z 
(1 <=x<=201 <=y<=400<=z<=39) R* and R ". The proton conductor according to 
claim 14 being at least one sort chosen from]. 

[Claim 17]The proton conductor according to claim 1 2wherein a part which can 
serve as the above-mentioned proton receiving part contains at least one sort of 
NSOand P as a composing element. 

[Claim 18]A part which can serve as the above-mentioned proton receiving part - 
O-R-CO-RR-CO-O-The proton conductor according to claim 17 being one sort 
chosen from 0-CO-0-OH-S~-NH~NR-and -SiO- (howeverR expresses a 
hydrocarbon chain also in any.). 

[Ciaim 19|So that ratio N2/N1 of several N 2 of a part which can serve as several 
N 1 of afunctional group which can emit the above-mentioned protonand the 
above-mentioned proton receiving part may be set to 0.5-3. The proton 
conductor according to claim I2wherein a substance which has a functional 
group which can emit the above-mentioned protonand the above-mentioned 
carbon cluster are mixed. 

[Claim 20]The proton conductor according to claim 12wherein a substance which 
has a functional group which can emit the above-mentioned proton is a carbon 
cluster which has a functional group which can emit a proton. 



[Claim 21]An electrochemical device comprising; 
The 1st pole and the 2nd pole. 

A carbon cluster which has a functional group which can be equipped with a 
proton conductor pinched by inter-electrode [ these ]and to which the above- 
mentioned proton conductor can emit a proton. 
A substance which can serve as a proton receiving part. 

[Claim 22]The electrochemical device according to claim 21 being a fuel cell. 
[Claim 2 3] An electrochemical device comprising: 
The 1st pole and the 2nd pole. 

A substance which has a functional group which can be equipped with a proton 
conductor pinched by inter-electrode [ these ]and to which the above-mentioned 
proton conductor can emit a proton. 

A carbon cluster which has a part which can serve as a proton receiving part. 
[Claim 24]The electrochemical device according to claim 23 being a fuel cell. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to the new proton conductor which 
used the carbon cluster. 

It is related with the electrochemical device using this proton conductorfor 
exampiea fuel cell. 

[0002] 

[Description of the Prior ArtJA fuel cell attracts attention as a next-generation eco- 
friendly electrical energy generator from the reasons of the efficient naturea clean 



thingetc.and development is furthered briskly in every direction. 
[0003] In the above-mentioned fuel cellihe kind of proton conductor used can 
divide the fuel cell itself roughly. This is for service temperature and a service 
condition to depend in the character of a proton conductor strongly. Thussince 
the characteristic of the proton conductor to be used influences battery capacity 
greatfyit becomes a big key when the improved efficiency of a proton conductor 
improves the performance of a fuel cell 

[0004]Generallyin the temperature requirement below ordinary temperature -100 
"the proton conductivity poly membrane which consists of a solid polymer film is 
used. The Du Pont maketrade name Nafton (Nafion)the trade name Goa film of 
Goaetc. which are perfluoro sulfonic acid type resin are an example of 
representationandspecificallythe improvement is also advanced. Or in a societya 
paperetc.the report of the polymers conduction film of a hydrocarbon system is 
also made in recent years in addition to these perfluoro sulfonic acid type resin. 
[0005] In the above-mentioned proton conductivity poly membranethe proton 
emitted from a sulfonic group becomes movable easily by incorporating moisture 
into a film. Although the optimal water content changes with membranous kinds 
at this timeit is before and after 20% of poly membranes in general in many 
cases. When it calculates from about 1 mof per 1000g of sulfonic groups being 
contained in these poly membranesabout 200 g of wateri.e. about 10-mol water 
moleculewill be contained to 1 moi of sulfonic acid. Thuswhat is called a vehicle 
transmission machine style has realized the high rate of proton conduction using 
the water molecule contained in large quantities. After the proton which 
dissociated carries out the hydrogen bond of the vehicle transmission machine 
style to a water molecuieit is a transmission machine style to which a water 
molecule also moves **. 

In order to use a water molecule like a vehicleit is called so. 
[0006] 

[Prob!em{s) to be Solved by the InventionjBy the wayin the proton conductivity 



pofy membrane which performs proton conduction by the above vehicle 
transmission machine stylesthe moisture content in a film wili be greatly 
influenced with the dryness and temperature of atmosphere which are exposed. 
For examplein a drying atmospherethe moisture content in a poly membrane will 
decreasetherefore membranous proton conductivity wili decrease rapidly. 
SimiiariyaisQ by a rise In heatthe moisture content in a film decreases with the 
rise of steam pressureand unless a moisture content is supplied by 
humidificationit is in the tendency for proton conductivity to decrease. Thusin the 
proton conductivity poly membrane which performs a proton shift using the 
above-mentioned vehicle transmission machine styleif a moisture content 
decreasessince movement of a water molecule will become difficult and proton 
conductivity will fall greatlysupply of a moisture content is neededbut. This is 
adopting the difficult thing how to use a proton conductivity poly membraneand 
serves as hindrance of utilization. 

[OOOTjrhis invention is proposed in view of this conventional actual conditionand 
is a thing. 

it is providing the new proton conductor which **'s of the purpose is 
unnecessary and it can be used even in the inside of a drying atmosphereor a 
high temperature rangeand can moreover be substantially improved in the rate of 
proton conduction. 

This invention is precise and an object of this invention is to provide the proton 
conductor excellent also in gas cutoff nature. Furthermorean object of this 
invention is to provide the electrochemical device which demonstrates the 
performance which was excellent without being affected by atmosphere. 
[0008] 

[Means for Solving the Problemjin order to attain the above-mentioned 
purposethis invention persons came research to a long period of time in piles 
wholeheartedly. As a resulta thing for which a carbon cluster with unique 
molecular structuresuch as a carbon cluster into which various acid functional 
groups were introduced especially fuilereneand a carbon nanotubeshows proton 



conductivity aiso by drynesslt came to find out that a rate of proton conduction 
improves by leaps and bounds by adding a substance which furthermore 
promotes dissociation of a proton. 

[0009]Namelya carbon cluster which has a functional group to which the proton 
conductor of this invention can emit a proionit is characterized by including a 
substance which has a part which can serve as a proton receiving partand a 
carbon cluster which has a substance which has a functional group which can 
emit a protonand a part which can serve as a proton receiving part is included. 
An electrochemical device of this invention is provided with the 1st pole and the 
2nd poleand a proton conductor pinched by inter-eiectrode [ these ]and the 
above-mentioned proton conductorit being characterized by including a 
substance which has a carbon cluster which has a functional group which can 
emit a protonand a part which can serve as a proton receiving partandHaving the 
1st pole and the 2nd poleand a proton conductor pinched by inter-electrode 
[ these ]the above-mentioned proton conductor contains a carbon cluster which 
has a substance which has a functional group which can emit a protonand a part 
which can serve as a proton receiving part. 

[0010] As for a carbon cluster (carbon cluster which has proton dissociation 
ability) which has a functional group which can emit a protondryness aiso 
demonstrates high conductivity in a large temperature region (for exampleabout 
160 ** -the range of 40 **) where a proton which a proton dissociated and 
moreover dissociated includes ordinary temperature. A substance whichon the 
other handhas a part which can serve as a proton receiving part promotes 
dissociation of a proton. It is because it will stabilize in energy as a whole even if 
proton receiving parts (-O- etc.) have an unshared electron pairit is easy to make 
a hydrogen bond between protons there and a proton ionizes. 
[001 1]A substance which has a part which can serve as a proton receiving part in 
this inventionWith a water molecule which bears [ in / only by promoting 
dissociation of a proton / a proton conductivity poly membrane ] a vehicle 
transmission machine styleit differs in a roleeven if a proton movesthe above- 



mentioned substance does not move in connection with itand it exists stabiy. 
Although it is always necessary to supply water of sufficient quantity in a proton 
conductivity poly membrane to advance the above-mentioned vehicle 
transmission machine style smoothlyonly addition which is sufficient for 
promoting dissociation of a proton in a proton conductor of this invention may be 
sufficientand since the excessive moisture content is unnecessarysuppiy of 
moisture is unnecessary. 

[001 2]A carbon cluster which has a part which is aiso the same as when it 
constitutes from a substance which has a functional group which can emit a 
protonand a carbon cluster which has a part which can serve as a proton 
receiving partand can serve as a proton receiving part in this case will play 
promotion of dissociation of a protonand a role of proton conduction, if both are 
especially used as a derivative of a carbon clusterthese ingredients can be 
arranged structural more preciselyebumation of a proton conductor and supply of 
a smooth proton will be reaiizedand it will lead to improvement in proton 
conductivityor improvement in gas cutoff nature. 

[0013]Since an electrochemical device of this invention is making the above 
proton conductors pinch as a matrix between the 1st pole and the 2nd poleUnlike 
a fuel ceil which uses an old proton conductivity poly membrane as a proton shift 
mediumhumidifying devices are unnecessary and a miniaturization of a system 
and simplification are realized. 
[0014] 

[Embodiment of the InventionjHereafterthe proton conductor and electrochemical 
device which applied this invention are explained in full detai [referring to 
drawings. 

[001 5]Fundamenta!lythe proton conductor of this invention uses as the main 
ingredients the carbon cluster into which the functional group (basis of proton 
dissociation nature) which can emit a proton (H + ) was introduced. In this proton 
conductora proton moves via the basts of proton dissociation natureand ion 
conductivity is revealed. Although arbitrary things can be used for the carbon 



cluster used as a parentafter introducing the basts of proton dissociation natureit 
is required for ion conductivity to be size from electron conductivity. 
[0016]The above-mentioned carbon cluster is usually an aggregate in which 
hundreds of atoms (carbon) are formed by joining together or condensing from 
someand chemical nature is heidfiim strength becomes enoughand it is easy to 
form a layer at the same time proton conductivity improves with this 
condensation (set) object. It is not necessary to comprise only carbon 100% and 
there may also be mixture of other atoms regardless of the kind of combination 
between carbon-carbon at this time. The fulierene which some these carbon 
clusters are variousfor exampieis represented by CeoCyoCssetc.the thing of 
fulierene structure which has an open end in part at leasttube shape 
carbonaceous (what is called a carbon nanotube)etc. can be mentioned. Since 
SP2 combination of fulierene or a carbon nanotube includes the element of SP3 
combination in partthere are many without electron conductivity and it is 
preferred as a parent of a proton conductor. 

[G017]Vaiious carbon clusters which have a sphere in which many carbon atoms 
gathera spheroidor the closed plane structure similar to these are shown in 
drawing 1 . The above-mentioned fulierene belongs to this. Various carbon 
clusters in which a part of those ball stwctures suffered a loss are shown in 
drawing 2 to it. In this casemany are seen as a by-product by the manufacturing 
process of the fulierene the point of having an open end is characteristic in 
structureand according [ such a structure ] to arc discharge. Drawing 3 shows a 
tube shape carbon cluster. There are that for which a diameter of several 
nanometers or less is typically called a 1-2-nm carbon nanotube (CNT)and a 
thing for which a diameter is called the carbon nano fiber (CNF) whose diameter 
amounts also to 1 micrometer in not less than several nanometers and a huge 
thing in a tube shape carbon cluster. Two kindsthe single wall carbon nanotube 
(SWCNT) (refer to drawing 3 a) which consists of a tube of a monolayerand the 
multiwall carbon nanotube (MWCNT) (refer to drawing 3 b) with which two or 
more layers have lapped in concentric circieare known by especially CNT. If the 



carbon atom of most carbon clusters has joined together SP3it will become 
various dusters with the structure of a diamond as shown in drawing 4. Drawing 
5 shows various cases where clusters join togetherand can also apply such a 
structure to the above-mentioned parent. 

[0018]As a functional group (basis of proton dissociation nature) which canon the 
other handemit the proton (H + ) introduced into the above-mentioned carbon 
cluster- S0 3 H-PO(OH) 2 and -SO2NHSO2- The functional group which has at 
least one sort chosen from SO2NH2 and -COOH as a proton release partFor 
example-A-PO[ A-SO3H and -] (OH) 2 and -A-SO2NHSO2-R 0 (R°) - CF 3 or -CH 3 - 
A-S0 2 NH 2 and -A-COOH [however A are ORO-RR-Oor O-R-Oand R is an 
alkylated site expressed with C x H y (1<==x<=202<-y<-40). The functional group 
expressed with] can be mentioned. Or -A'-PO[ S0 3 H and -A'-] (OH) 2 and -A- 
SO2NHSO2-R 0 (R°) - CF 3 or -CH3-A'-S0 2 NH 2 ~A-COOH[however A are R'O- 
R'and R'-OR'-O-R'^nd a fluoridation alkylated site that is either of the O-R'-O and 
is expressed with C x F y H 2 (1 <=x<=201 <=y<=400<=z<=39) R' and R ". it may be a 
functional group expressed with]. 

[0019]An electron withdrawing groupfor exam plea nitro groupa carbonyl groupa 
carboxyi groupa nitrite groupan alkyi halide grouphalogen atoms 
(fluoridechlorineetc.)etc. may be introduced into a carbon cluster with the 
functional group which can emit the above-mentioned proton. Speciftcallythey are 
-N02-CN-F-CI-COOR-CHO-COR-CF3~S0 3 CF3etc. (R expresses an alkyi group 
here). Thusif the electron withdrawing group coexistsa proton will dissociate 
easily from the functional group which can emit the above-mentioned proton for 
the electronic suction effectand it will become easy to move via these functional 
groups. 

[0020]Although the number of the above-mentioned functional groups introduced 
into a carbon cluster may be arbitrary within the limits of the carbon number 
which constitutes a carbon clusterit is good to consider it as five or more pieces 
desirably. As for the number of the above-mentioned functional groupsin order to 
leave the pi electron nature of fullerene and to take out effective electronic 



suction nature in the case of fuilerenefor exampleit is preferred that it is below 
half of the carbon number which constitutes fullerene. 

[0021 ]ln order to introduce into a carbon cluster the functional group in which the 
above-mentioned proton release is possibieFor examplewhat is necessary is to 
compound a carbon clusterto carry out acid treatment of this carbon cluster 
continuously by the arc discharge of a carbon system electrodefirstto process 
hydrolysis etc. furtheror just to perform sulfonation or phosphorylation suitably. 
By thisthe carbon cluster derivative (carbon cluster which has a functional group 
which can emit a proton) which is an objective product can be obtained easily. 
[0022] For examplewhen many fullerene derivatives which introduced the 
functional group mentioned above to the fullerene which is a carbon cluster are 
made to condenseThe proton conductivity which it shows as an aggregate of 
bulk or a fullerene derivatives order to concern with movement directly the 
proton originating in a lot of functional groups (for exampleOS03H set) contained 
in intramolecular from the firstlt is not necessary to incorporate hydrogen and the 
proton which make a steam molecule etc. the origin from atmosphereand there 
are not supply of the moisture from the outside and restrictions of as opposed to 
[ it is not necessary to especially absorb moisture etc. from the open airand | 
atmosphere. Since quite many functional groups can be introduced into one 
fullerene moleculethe number density per unit volume of a conductor of the 
proton which participates in conduction increases dramatically. This is the reason 
the proton conductor of this invention reveals effectual conductivity. 
[0023] E special lythe fullerene used as the parent of these derivative molecules 
has electrophilic characterand is considered that this has contributed to 
promotion of ionization of the hydrogen ion in a functional group greatly. Although 
conduction of a proton is considered [ the thing through the introduced basis ] to 
have contributed greatly when it is a fullerene derivativethe conduction which 
went via the outline may also be included by the electrophilic character of a 
fullerene molecule, it is another reason this shows the proton conductivity 
excellent in the proton conductor of this invention. 



[0024]A pollutant which weight is Itghtthis proton conductor does not deteriorate 
easily either and is comparatively pure since the most comprises a carbon atom 
of fuliereneand has an adverse effect on the proton conduction characteristic is 
not containedeither. The manufacturing cost of fullerene is also falling rapidly, 
environmental [ like resources ]economtealand which material of the others 
[ fullerene j in view of the viewpoint of other versatility further ~~ furt hermoreit is a 
carbon system material near an ideal. 

[Q025]As mentioned abovethe carbon cluster which has a functional group which 
can emit a protonAlso in itselfa proton dissociates with the structural 
characterization that the spatial density of the functional group of acid is highthe 
electronic character of the carbon cluster (for examplefullerene) which is a 
parentetc.and since the structure which is easy to carry out hopping of between 
each site is realizableconduction of a proton is realized even if it is dryness. 
Howeverjust this of the rate of proton conduction is insufficientand the 
improvement is desired. Thenby adding to this the substance for which if has an 
ingredient with the new specified quantityand a part which can specifically serve 
as a proton receiving part as the 2nd ingredientas a result of this invention 
persons' repeating various thinking errorsDissociation of the proton was 
promotedthe conduction proton density in the above-mentioned material 
increased by leaps and boundsand it found out that the rate of proton conduction 
rose substantially. 

[0026]As a substance which has a part which can serve as this proton receiving 
partThe compound which contains an atom like NOSand P as a composing 
element of the above-mentioned part is suitable-The compound which includes 
partssuch as O-R-CO-RR-CO-O-O-CO-O-OH-S-NH-NR-and -Si- (howeverR 
expresses a hydrocarbon chain also in any.)as a proton receiving part is 
preferred. The substance which has a part which can serve as this proton 
receiving part should just have even the function which promotes dissociation of 
a protonand a vehicle function is unnecessary. Thereforethey may be a to some 
extent big moleculepolymeretc. 



[002 7] As a concrete substancewaterpolyethylene oxidepolypropyiene 
oxidepoiybutyteneoxidepolyphenylene oxidesiloxanesand crown ether can be 
first mentioned as a substance containing -0-. - As a substance containing 
OHethylene glycoipropyiene giycofpolyvinyi alcohol polyallyi alcoholpolypropyl 
alcoholpolyphenolpoly styryl alcoholetc. can be mentioned. -As a substance 
containing S-dimethyi sulfoxidea polyethylene sulfidea polypropylene sulfidea 
polybutylene sulfidea PORIARU phenylene sulfideand cyclosulfides can be 
mentioned. - As a substance containing NH-N-methyi 

pyrrolidonedimethyiformamidedimethylacetamidepolyethyleneiminepolypropylene 
iminepoiybutylene imineand polybenzimidazoles can be mentioned. -As a 
substance containing O-CO-O-ethyiene carbonatepropylene 
carbonatepolyethylene carbonatepoiypropyiene carbonatepolybutylene 
carbonateetc. can be mentioned. Of courseit cannot be overemphasized that it is 
not what is limited to these. 

[0028]As a substance which has a part which can serve as the above-mentioned 
proton receiving partvarious advantages - it can be used in a temperature range 
higher than water can be acquired by using what has steam pressure lower 
than water. Thereforewhat has the to some extent high boiling point as the 
above-mentioned substance is preferred. Hereif the boiling point demanded is 
decided by in the environment of what times a proton conductor is usedfor 
exampleis used at a room temperaturebeyond as for a room temperature (for 
exampleit is also possible to use it in a room temperature area using water. )if it is 
used at nearly 100 **it will be called more than it. If the boiling point is less than 
service temperaturethe above-mentioned substance cannot be held in a proton 
conductor. As for the above-mentioned boiling pointwhen stability is also taken 
into considerationit is preferred to set to a temperature higher enough than 
service temperaturefor exampleabout plus 50 **. 

[0029]The suitable mixing amount of the substance which has a part which can 
serve as the above proton receiving parts is closely related to the number of the 
functional groups which can emit a proton. So that the ratio (N2/N1) of several N 2 



of the part which can serve as a proton receiving part to several N 1 of the above- 
mentioned functional group may be actually set to 0.5-3When the substance 
which has a part which can serve as the above-mentioned proton receiving part 
is mixed in the carbon cluster which has a functional group which can emit the 
above-mentioned protonan effect is demonstrated notably. The number of the 
parts which can serve as a proton receiving part which originates that the above- 
mentioned ratio is less than 0.5 in the above-mentioned substance will call it less 
than half of the number of the above-mentioned functional groupsDissociating of 
the proton from a functional group becomes insufficientand the proton 
conductivity which materia! (carbon cluster which has a functional group which 
can emit a proton) originally has can fully be demonstrated. On the contraryif the 
above-mentioned ratio exceeds 3the density of the functional group to the whole 
material will decreaseor. Or the volume etc. which the substance which has a 
part which can serve as the above-mentioned proton receiving part occupies 
become large too muchand there is a possibility that the adverse effect that the 
rate of proton conduction falls on the contraryor the interception nature of gas 
fails may begin to appear. It is most effective to mix the substance which has a 
part which can serve as the above-mentioned proton receiving part in the carbon 
cluster which has a functional group which can emit the above-mentioned proton 
so that the number of the parts which can serve as the number of the above- 
mentioned functional groups and a proton receiving part may turn into the same 
number. 

[0030]Although the above is the fundamental composition of this 
inventionconsidering it as the combination of the substance which has conversely 
a functional group which can emit a protonand the carbon cluster which has a 
part which can serve as a proton receiving part can also be described above. It is 
effective to make both parent into a carbon cluster which is represented by 
fullerene especially, if it is considered as the combination of the carbon cluster 
(fuilerene derivative) which has a functional group which can emit a protonand 
the carbon cluster (fullerene derivative) which has a part which can serve as a 



proton receiving partBy having molecular structure also with the 2nd same 
ingredient that is a source of proton dissociationhaving spherical shapeand 
mixing this 2nd ingredientit becomes possible to arrange each ingredient 
structural more preciseiyand eburnation and the smooth proton supply of a 
proton conductor are realized. As a resulteffectssuch as improvement in proton 
conductivity and improvement in gas cutoff naturecan be acquired. 
[0031] Pressing of the above-mentioned proton conductor can be carried out to 
desired shapefor examplea pelletand thin film as it isor it can perform shaping by 
filtration. Under the present circumstancesthe binder is unnecessary and also 
when [ improve the conductivity of a proton and also ] this attains the weight 
saving of a proton conductorit is effective. When a polymer material is especially 
used as the 2nd ingredientthis also achieves the function as a binder and good 
membrane formation nature and a moldabiltty are given. Of courseit is also 
possible to add the 3rd ingredient as a binder. If the conductivity of a proton is 
not checked as much as possible but it has membrane formation nature as a 
polymer material usable as the 3rd ingredtentlimttation in particular is not carried 
out. Usuallyit does not have electron conductivity but what has good stability is 
used. Polyfluoroethyienepolyvinylidene fluorideetc. can be mentioned as an 
example. 

[0032]The proton conductor of above-mentioned this invention can be used for 
various kinds of electrochemical devices. That isin the essential structure object 
which consists of the 1st polethe 2nd poleand a proton conductor pinched among 
these two poiesthe above-mentioned proton conductor can be used as the proton 
conductor. Specif icailythey are an electrochemical device the 1st pole and whose 
2nd pole are gas electrodesthe electrochemical device which used the active 
material nature electrode for the 1st pole or the 2nd poleetc. 
[00333Hereafterthe example which applied the above-mentioned proton 
conductor to the fuel cell is explained, the mechanism of the proton conduction of 
a fuel ceil comes to be shown in the mimetic diagram of drawing 1 6 ~~ the proton 
conduction part 1 - the 1st ~- very (for examplehydrogen pole) - 2 and the 2nd - 



the proton (H*) which was pinched very much (for exam pleoxy gen poie) among 
3and dissociated meets a drawing arrow direction - the 1st ~ very - the 2nd 
from 2 sides - it moves to 3 sides very much. 

[0034]An example of a fuel celt which used the proton conductor of this invention 
is shown in drawing 7. This fuel cell has the negative electrode (the fuel electrode 
or the hydrogen pole) 2 and the anode (oxygen pole) 3 which counter ** which 
sticks or distributed the catalysts 2a and 3arespectiveiyand the proton conduction 
part 1 is fastened among these two poles. The above-mentioned negative 
electrode 2 has the terminal 8the anode 3 has the terminal 9and electromotive 
force is taken out from these terminals 8 and 9. At the time of useby the 
negative-electrode 2 sidehydrogen is supplied from the feed port 12 and it is 
discharged from the outlet 13 (this may not provide.), A proton is generated while 
the fuel (H 2 ) 14 passes through the channel 15This proton moves to the anode 3 
side with the proton generated in the proton conduction part land reacts to the 
oxygen (air) 1 9 which is supplied to the channel 17 from the feed port 16 
thereand goes to the exhaust port 18andtherebydesired electromotive force is 
taken out, 

[0035]Since the proton supplied from the negative-electrode 2 side moves to the 
anode 3 sidea proton dissociating in the proton conduction part 1the fuel cell of 
this composition has the feature that the conductivity of a proton is high. 
Thereforesince it becomes unnecessary [ humidifying devices which supply 
water Jsimplification of a system and a weight saving can be attained. 
[0036] 

[ExamplejHereafterthe concrete example of this invention is described based on 
an experimental result. 

[0037]The powder 2g of example 1 Ceo fuilerene was invested into 30 ml of 
fuming sulfuric acidand it stirred for three dayskeeping at 60 ** in the atmosphere 
of nitrogen. The obtained reactant was dropped little by little in diethylether cooled 
within the ice bath. Howeverdiethylether in this case used what is not performing 
dehydrating treatment. The obtained sediment is classified by centrifugal 



separationand after 2:1 mixed liquor of 3 times and diethyietherand acetonitrile 
washed twice by diethylether furtherit was made to dry under decompression at 
40 **. Thusthe place which performed FT-iR measurement of the obtained 
powder. Are shown in literature 

(ChiangL.Y.;WangL.Y.;Swirczewski.J.W.;SoiedS.;CameronS.J.Org.Chem. 19945 
93960), about [ the IR spectrum of the fullerene derivative which contains a 
hydroxy! group and an OSO3H basis setectivelyand ] - i did one and it has 
checked that this powder was quality of an object. The compounded fulierene 
derivative is Csc{OS0 3 H) 6 {OH) 6 . 

[0038] After drying the above-mentioned powderthe water of the specified 
quantity was mixed as the 2nd ingredientand it mixed well with the mortar. 80 mg 
of powder which added this water was scafedand on the other handthe press to 
the direction was performed so that it might become a circular pellet type 15 mm 
in diameter. The press pressure at this time was about 5-t [/cm ] 2 . As a resultthis 
powder does not changeexciuding binder resin etc. at aiibut is excellent in the 
moldabilityand was able to be peiletized easily. 

[0039]Conductivity was measured by the altemating-current-impedance method 
using the fabricated pellet. When measuringthe both sides of each pellet were 
first inserted with the aluminum plate with an equal to a pellet diameter of 15 
mmthe volts alternating current (amplitude 0.1V) from 7 MHz to 0.01 Hz was 
impressed to thisand the complex impedance in each frequency was measured. 
Measurement was performed at the room temperature under a drying 
atmosphere. 

[0040] If the impedance of the fabricated pellet is measuredit is flat into a high- 
frequency portionbut a very beautiful single semicircular state circle can be seen. 
This shows that the conduction action of a certain charged particle exists in the 
inside of a pellet. A rapid rise of the imaginary part of impedance is observed in a 
low frequency region. This shows that blocking of a charged particle has arisen 
between gold electrodes as it approaches direct current voltage gradually. 
Naturallysince the charged particle by the side of a gold electrode is an eiectronif 



turns out that the charged particles inside a pellet are an eiectronand the not a 
hole but other charged particlei.e.ion. 

From the composition of used FURARE Norianthis charged particle is not 
considered other than a proton. 

[0041 ]lt can ask for the conductivity of this charged particle (proton) from the X- 
axis section of a circle seen at the above-mentioned high-frequency side. 
Dr awing 8 shows the addition of water and the relation of conductivity which are 
the 2nd ingredient. When the addition of water is 15 % of the weight so that 
clearly from this drawing ^conductivity reaches the maximum mostly and is 
seldom changing after that. On the other handrather than 20 % of the weightwith 
many additionsmateriai became soft and formation of the good pellet became 
difficult. Also when this produces a filmit becomes a problemand it is considered 
that a problem arises also in the interception nature of gas. Thereforeit can be 
said that it is preferred that the ratio (N2/N1) of several N 2 of the part which can 
serve as a proton receiving part to 20 or less % of the weight p.e.several N 1 of a 
functional groupsets it as or less 3] as for the addition of water. 
[0042]The low-molecular- weight polyethylene oxide (PEO) of the example dyad 
quantity 600 { about ] is a viscous high fluid. 

This and CeoftChb) 4SO3H} $ used as a proton supply source were mixed so that 
the ratio of the number of the ether bonds (-O-) included in PEO to the number of 
SO3H in C6o{(CH 2 ) 4SO3H} 6 might be set to 1:1. 

The mixture has a mud-like gestaitmoided this into the sheet shapedand 
measured the conductivity. 

[0043] Under the present circumstancesin order to make the minute amount 
moisture contained from the first emitwhen it held at 100 ** and the conductivity 
in that temperature was measuredit became the conductivity of 1 .2x10 3 S/cm. 
Not water but the -O-site of PEO serves as an ionization host of a protonand this 
is considered that the proton conducted by making them into a hopping site. It is 
conductivity very high as a system which does not use waterand it seems that it 
originates also in that this has the content of PEO dramatically as low as 1:1 at 



the above-mentioned ratioand there is much content of the material which is a 
proton source of release. ThereforePEO which is the 2nd ingredient works 
effectively also with very low contentand is considered to have brought about 
high proton conductivity. 

[0044]The number of -OH(s) contained in PVA in the solution of the about 10000 
example 3 molecular weight PVAand the solution of CaoftChb) 4SO3H} s used as 
a proton supply sourcelt mixed so that the ratio of the number of SO3H in 
C6o{(CH 2 ) 4SO3H} e might be set to 1:1and it was produced by the cast method. 
When this was held at 100 ** and the conductivity in the temperature was 
measured!! became the conductivity of 4.3x10 3 S/cm. Not water but -OH site of 
PVA serves as an ionization host of a protonand this is considered that the 
proton conducted by making them into a hopping site. It is conductivity very high 
as a system which does not use waferand it seems that it originates also in that 
this has the content of PVA dramatically as low as 1:1 at the above-mentioned 
ratioand there is much content of the materia! which is a proton source of release. 
ThereforePVA which is the 2nd ingredient works effectively also with very low 
contentand is considered to have brought about high proton conductivity. 
[00453 

[Effect of the lnvention)According to this inventionsupply of a moisture content is 
unnecessaryit can be used even in the inside of a drying atmosphereor a high 
temperature rangeand it is possible to provide the proton conductor which was 
moreover excellent in the rate of proton conduction so that clearly also from the 
above explanation. According to this inventionit is precise and it is possible to 
provide the proton conductor excellent also in gas cutoff nature. According to this 
inventionthe electrochemical device which demonstrates the performance which 
was excellent without being affected by atmospherefor examplea fuel cellcan be 
provided. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

\ iraws g 1 It is a mimetic diagram showing various examples of the carbon 
cluster used as a parent. 

)rawi 5 It is a mimetic diagram showing other examples {partial fullerene 
structure) of a carbon cluster, 

[Drawing 3]it is a mimetic diagram showing the example of further others of a 
carbon cluster (tube shape carbonaceous). 

[Drawing 4]lt is a mimetic diagram showing the example of further others of a 
carbon cluster (diamond structure). 

i<j 5]lt is a mimetic diagram showing the example of further others of a 
carbon cluster (what clusters have combined). 

[Drawing 8]lt is a mimetic diagram showing the situation of the proton conduction 
in a proton conductor. 

[Drawin g 7](t is an outline linebiock diagram of a fuel cell. 

[Drawing 8] it is a characteristic figure showing the relation between a moisture 

addition and conductivity. 

[Description of Notations] 

1 A proton conduction part and 2 The 1st pole (negative electrode) and 3 The 
2nd pole (anode)2a3a catalyst 
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S£/jMST U ft: f J , $ ft fi #Xfl)38»H£ *H8Tf * i I 

ftmgfcmMt6«fttuy'*«. «^ft®&, ±ta 
tft^^c ±ib7p h >€&a{Rjtift«ffi»«sf 

5sell7-5X£fc±ia7a hvSS»fcfty»*85tt€ 
[0 0 3 0] J^^S^^fcWftflfediT'afe^ ± 

t. 7 p h >s«spts y it sffite^r 

©Si*^ 7 7 - U 7 izfflt * n« * 7 7 5 X ^ t 

zntzamv^xfi t, yah 

y g^sp t n. tj m § s^^t $$$ 7 ^x * (75- 

c t k ft y * 2 ©^^jua-t § d fc 

fc^^T, tMS5tc J: y * C 

^fSltfty. 7p hV J g«W)MbStfXA™Xft7 

^ .t.^« XgKttWf&J-L t fc$&««:»$ C t ■?# 

[0031] ±127 □ h ymmmt, *©**macwB 

JR?»»A C^C^t*. 7PhV<0®Slffi*a5i6J5±"e 

t., 7q hyg^^sfc^a^-r^i^w^T* 

fiptc. »2©*»tLT»»?««*ffi^ft«^i£ 
gftftaMmmi LTl4s 7P hV©®W4* 

fcftpi^-r\ snjs^^-rsttfflfte, ^pr*{*u 

«Wffl^6W, SWJttTtt, *v7Mni 

fu-A /K y 7 ftK ~ y r>ft % <t fcA^t 
[0 0 3 2] ±15*^© 7P §a<7>m 

1st, mmt, cnzfrwmmimwzntcztn h 

t T±ia7P h VfS»ft*fflt^* C tip?* 
1 : 

[0 0 3 3] iXT, ±IB7P h>gs»»*jjSft«»Ka 



(?) 



t§M2003~8&022 



( h + ) imm&mfifoizxtvzn i mz m& zmm 
£0 0 3 4] m7im, *mme)ynby&»&%m^ 

X} 3 a **n¥^«Xt*5J«*ti:fcSlc^r®ft« 
2&tfjEti (SE£0D 3«SU 

iJBft«2t±«l?8^ iES3^^9^tTfcy, 

I*. II«2«|TH*«AQ1 2#S*«#«*&**U JfctfJ 
PI 3 {£Wawm%z:4:%«*, ) frbl^ft 

s, mm (Ha) i 4ff«i 5*iiar*«t£7Ph 

ft7P h>££fcteiE1I3«'\*»U fCT"IAP1 

£0 0 3 5] frfr£tM<DW1»i, 7P h>g» 
□ h Vtf 3 §<DT\ 7Ph 

i&BtJftSflO-Ps *>xy/xOI9BWbx (HMIifcBSCfc 

[0 0 3 6] 

[oo37] nmmi 

C<$Qy : 7-ls><D®£2 g%%MmW2 0m i *Kjft 

&Lft* f#SftftK£%£, *^T^Lft-7x^fU 
x-x/mc'J>L-fO&TLft» fcftU C<9«S©5>- 

ft, »snfcai»«i*ii»it>»i»i»»»JU drSKVxy 

it>x~~rJUT s 3!sk &£t^x?;Ux~?jf/£7'-t» hx 
hyjUD2 : 1;l^r2E23>^tfc^ 4 0XRTM 
E.TT$zMi$fc, Z<0£ o It LTm e>ftftIJ*(OF T 
- I Ril^^ffofctciav (Chiang,LY. ;&'asg, 
L.V. ;Swirezewski. J.S. ;Soled, S. ;Cameron, S., J.Or 
g. Chem, 19H 59, 3%0) fcf^fttl^^ 
StOS0 3H»*«tJ77-U>f!ai#<7)l RXA7 

nut l, z<owm& g sarin?* staare 

tft, &$#nft75-™U^Wf*kL C60 CO SO 
3H) 6 (OH} eT**, 

[0 0 3 8] ±»W>tt**«J**tffc8L mj£ttZ>a}C& 
%ft3;ift!f83? 8 Omg U WM 1 5 mmffiRl'i 



®mco yuxm&ffi s b y/ c m 2 ft, * £>$s 
&#T*#ft. 

[0 0 3 9] ja^Lft^Uv h&fflt\ S3S-CVfcT~-y 

yxmc^Tmm%mjzLLtc.> mmcmtm, % 
s-ivFtuzw u ? h oimmzmfr, z tuc 7 m h z * 6 

0. 0 1 Hz*TW3ESSe«ff (»10. 1 V) £epis 
[0 0 4 03 sS^Lfc^b-y hCOY^e-^VX^if^ 

o r « % -r v k ■- ¥ v7>&®mm<!>&.wi±.RtMm 

Si0^T*#l:»O7P *7^t UTC* c t % 

tcstu *nMitt«*uaEfliLT^ai,\ -75, 20M 
#xens, Ltc^ox, fr^mmit, 2omm%iu. 

t«y»*»lfl!C!)«N2«>ib* (N2/N1) tf3« 

f0042] H5SM2 

6 0 0 * <H 'Jifl/>mK (PE 

o) fi, ztit, 7'abyim 

»ta«C«{{C H2)4S O3H} P E OiC^^ti 
Sx-?iH# (~o-) fD«t, C<so^'CH2)4S03 
H>6*«>S03HO«C>ifctf 1 : Hc^Si; vizM^L 

[0 0 4 3] Z<T)M, 5£^^$n^'«»»t-ft*4 
^Lfc<tr.5v 1. 2X1 0-^S/cm(f)W$t^ 

p hv<o*B*x hi«;ys *n6«*y fy^-f b 



cs; 



t§M2003~8&022 



tLT7& \~ytpmmLm s 8>t%KBti%* tit. ?JC 

7n h >HftiiT«^«^f.Vi'l^^f-l>C £lcfc|fcS5 

m&%%tc. striata*: sab ns. 

J 0 0 4 4 J IMH. 

1 0 0 0 0 (DP V A<0*i85«£s 7'P h 
Mf&ZCwKC Hi)4S03H} 6®**»*> P V A 
lnt*tl«-~ OH ^ CsouC H2)4S03H>6*f 

r, ^fioaatTTO^ws^ai^ufcfcc^ 4. 3x1 
0 - 3 s , c mcnfcmm tt^tc, cwi 

<, PVA<73-0H^<< hi)>7nh><Z3m8K*Xh<t& 

y s * n .5 § * v £ y -r k 1 1 r 7*n 1- v mm t 
»ic*(/*®wre*y, cfti*, pva«d^w±ib 

fljtt^l : 1fc#*fci8<N 7nh>«S»TC»«tm 
tO 0 4 53 



i>wwwn?*«ffiT* ztftv^ tm s 7 a h ye 

maif*«llH8 

[SI 3 ^£&3A~^77 5x£0fl*ffiM£gV? 
032] £-^y7^X££WW$] {gjJ^7^-P>f# 
[SI 3 3 *-!je>^7X^C0*6t£fl&©«l (^-T^e 

[IS 7 1 j^%&0ftgtt$B!?&$,, 

H98! *5^*tm*fl5Wft*iKT*itt»?* 

(im , 2a, 3aMfc 



[1123 





(9; 
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-" , y:*.>;-*>?3.--/ 



(10) 



|$W2 0 0 3~8 60 2 2 



[13 8] 
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